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For reliable classification of HIV-1 strains appropriate reference sequences are needed. The HIV-1 genetic subtype F has
a wide geographic spread, causing significant epidemics in South America, Africa, and some regions of Europe. Previously
only two full-length sequences of each of the HIV-1 subtype F subclusters F1 and F2 have been described. To extend the
knowledge of subtype F variation on a complete genome level, three new virtually full-length F1 sequences were cloned and
sequenced, two from Africa and one from South America. Comparison of the new and previously described sequences
showed that monophyletic clustering of the subcluster F1 of subtype F is consistent and highly supported in all genome
regions. Two additional full-length strains were shown to be mosaics of subtypes F and D. These epidemiologically unrelated
F/D sequences showed similar chimeric structure, suggesting that they may represent a previously undescribed circulating
recombinant form (CRF). This was supported by partial sequences from three additional unlinked F/D recombinants. Genetic
distances in the phylogenetic trees suggest that the recombination event leading to the putative CRF occurred relatively long
ago, close to the divergence of the F1 and F2 subclusters. Furthermore, all five F/D recombinants are linked to the
Democratic Republic of Congo, suggesting that the original recombination event took place in central Africa. © 2000 Academic
Press
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A high degree of variation among HIV-1 strains has
resulted in the establishment of multiple parallel evolu-
tionary lineages. Strains of HIV-1 are phylogenetically
divided into three groups, M (major), O (outlier), and N
(non-M-non-O), of which the M group viruses are most
widespread and form the majority of the HIV/AIDS pan-
demic. The M group can be further divided into several
different subtypes (A–K) (Korber et al., 1998; Triques et
al., 2000). Subtype F is furthermore subdivided into two
subclusters, or subsubtypes, designated F1 and F2. For
most subtypes, there are now a sufficient number of
complete genome sequences available to demonstrate
that the phylogenetic subtype classification is consistent
in all parts of the genome.
Subtype F strains have been found in significant num-
bers in South American countries such as Brazil and
Argentina (Potts et al., 1993; Morgado et al., 1994; Sabino
et al., 1996, Louwagie et al., 1994; Gao et al., 1996b;
ukashov et al., 1996; Marquina et al., 1996; Camp-
odonico et al., 1996), in Africa in the Democratic Republic
of Congo (DRC) and Cameroon (Nkengasong et al., 1994;
Lukashov et al., 1996), and in Europe in Romania, Russia,
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95yprus, and France (Dumitrescu et al., 1994; Liitsola et
l., 1996, Kostrikis et al., 1995; Simon et al., 1996). See
lso the HIV Sequence Database (http://hiv-web.lanl.gov;
orber et al., 1998). The Cameroonian isolates and one
train from the DRC form the F2 subcluster within the F
luster, whereas the other strains fall into the F1 sub-
luster (Nkengasong et al., 1994; Lukashov et al., 1996;
riques et al., 1999, 2000; Peeters et al., 1998).
However, as with most HIV-1 sequences (independent
f the subtype) available in GenBank, the majority of the
vailable subtype F sequences are short sequence frag-
ents (usually env or gag). So far only two full-length
trains of subtype F1 and two of subtype F2 have been
loned and sequenced (Gao et al., 1998b; Triques et al.,
000). Often HIV-1 strain subtypes are determined by
equencing only one or a few short segments of the
enome. Such a typing strategy overlooks the fact that in
ddition to evolving by accumulation of point mutations,
everal studies conducted in recent years have shown
hat recombination between subtypes may be quite com-
on (Robertson et al., 1995a).
Piecemeal sequencing may not accurately describe
he genetic makeup of a virus, since the recombination
vents might have occurred elsewhere in the genome
han in the sequenced parts. This has frequently resulted
n a strain that was originally classified as belonging to
single subtype later proving to be a mosaic of two or
0042-6822/00 $35.00
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96 LAUKKANEN ET AL.more subtypes after a full-genome sequence was pro-
duced (Robertson et al., 1995b; Carr et al., 1996; Gao et
al., 1996a,b, 1998a).
In addition to reports of independent unique chimeric
trains, some epidemics caused by recombinant HIV-1
trains have been encountered (Carr et al., 1996; 1998;
Gao et al., 1996a; Liitsola et al., 1998). In these cases the
recombinants behave like the genetic subtypes, forming
monophyletic clusters in phylogenetic analyses. Such
epidemic recombinants form a significant contribution to
the molecular epidemiology of HIV and have recently
been given the collective designation of a circulating
recombinant form (CRF). Currently three such CRFs have
been described: the AECM240 CRF prevalent in Southeast
Asia, the AGIbNG CRF prevalent in western and central
frica, and the ABKAL153 CRF, which is found in several
Eastern European countries (Liitsola et al., 1998, submit-
ted for publication, a). The common factor in all CRFs
described to date is that one of the parental viruses
belongs to subtype A. No CRFs that would not include
subtype A-derived regions have yet been reported.
To allow a better definition of the F subtype and re-
combinants involving subtype F we have cloned and
sequenced three virtually complete subtype F viruses
and two F/D recombinants and compared them to exist-
ing sequences. The two F/D recombinants were also
compared to epidemiologically unlinked F/D recombi-
nant strains from The Netherlands and Belgium (Op de
Coul et al., 1999).
RESULTS
Full-length clones
The lengths of the cloned sequences were as follows:
F9363, 8925 bp; BZ126, 8962 bp; VI850, 8945 bp; VI1310,
9083 bp; and VI961, 9005 bp. The open reading frames for
the genes were intact in all sequences, except in VI961,
in which pol was prematurely truncated due to a frame-
shift mutation at position 3696, and in F9363, due to a
point mutation resulting in a premature stop codon at
1473 in pol. All strains had two NFkB sites, three SP-1
ites, a normal TATA box, and a typical 3-nt bulge in the
AR stem region. However, the secondary structure pre-
iction for the TAR top loop for one of the isolates (VI850)
ndicated a 4-nt top loop instead of the normal 6-nt loop.
hether this has any consequences for the biological
roperties of the virus is uncertain. There was some
inor variation in the length of gag products in some of
he strains compared to what is usually seen. In BZ126
nd VI850 the Gag protein was six amino acids longer
han it usually is in subtype F strains.
hylogenetic analysesThe phylogenetic tree based on full-length sequences
hows the clustering of the subtype F strains together
lith the F1 reference strain BR020 as well as the inde-
endent clustering of the F/D mosaic strains (Fig. 1). A
ecently published F1 sequence (Triques et al., 2000)
as not included in our analyses, but preliminary anal-
sis indicates that it is a member of the F1 subtype. The
ootstrap values supporting subtype and CRF clades
nd intraclade subclusters (AGIbNG and AECM240 CRFs, the
1 and F2 subclusters within the F clade) were signifi-
ant.
etailed analysis of the newly derived complete
enome sequences
Similarity plotting and bootscanning analysis of the
ewly derived BZ126, F9363, and VI850 complete ge-
ome sequences showed them to be most closely re-
ated to the BR020 subtype F reference sequence in all
enome regions and therefore verified their classifica-
ion as new reference strains for subtype F subcluster F1
Fig. 2). A similar analysis of the virtually full-length se-
uences of isolates VI1310 and VI961 revealed them to
e F/D mosaics and to possess multiple recombination
ites throughout the genome. Figure 3 compares the
imilarity and bootscan plots. The locations of the break-
oints in the two sequences are shown. A short gap
egion in the beginning of the sequence in the similarity
lots represents a region for which no genetic data were
vailable (due to the PCR strategy). The sequence of the
9 LTR U3 was not present in the cloned provirus but was
econstructed based on the 39 LTR sequence for the
urpose of clarity. The breakpoints in VI1310 and VI961
re mostly similar but some slight discrepancies can be
bserved.
The sequences were next broken into 12 independent
ragments corresponding to the inferred recombined re-
ions and separately analyzed phylogenetically (Fig. 4).
his analysis confirmed the inferred breakpoints for most
egions. However, the fragment corresponding roughly to
he pol p10 protease coding region—the third fragment
n Fig. 3—could not be verified to belong to subtype F by
his analysis (tree not shown), although the bootscan
eems to indicate such a result. In the similarity plot the
egion was unclassified, and it is possible that it is too
hort to be analyzed reliably. In some of the trees the
ootstrap values are probably affected by placing of the
ther sequences. For example, strain UG114 seems to
ause a lowering of the value for the D cluster in Fig. 4C
the value is 71% without UG114; not shown). This might
eflect the close relationship between the B and the D
ubtypes. Also, in some other fragments the short length
s well as the inconsistent clustering of strains repre-
enting different clades leads to low bootstrap values.
n example of this is the vif–vpr region, which is prob-ematic in subtypes A and G and the AECM240 CRF that
tend to form a supercluster in this region (Carr et al.,
fsaic se
od use
97F/D MOSAIC HIV-11998). This explains the cross-clustering of subtypes A
and G in Figs. 4G and 4H.
The seventh fragment (the end of pol and the begin-
ning of vif) was supported by a low bootstrap value (65%)
in the phylogenetic analysis (Fig. 4F). The bootscan pic-
ture suggests that the region might have a short frag-
ment of subtype D in the middle (particularly in the
isolate VI1310, Fig. 3B), although this could not be con-
firmed by individual fragment phylogenetic analysis. Us-
ing the split decomposition analysis as implemented in
Splitstree supported the classification of this region as
recombinant (not shown). However, due to the low boot-
strap value and uncertain similarity plot the whole frag-
ment is shown as “unclassified” in the genome picture in
the middle (striped). The eighth and ninth fragments
were analyzed phylogenetically separately because in
VI1310 they are different from each other: the eighth
fragment is classified as subtype D, whereas the ninth
remains unclassified (shown as striped; this isolate was
excluded from Fig. 4H). In Figs. 3C and 3D the corre-
sponding fragments (fragments 8 and 9) of the sequence
VI961 are shown as a contiguous region belonging to
subtype D.
In summary, the LTR R and U3 region of isolates VI1310
and VI961 consists of subtype F and gag of subtype D.
FIG. 1. Phylogenetic analysis based on full-length sequences. The
full-length F subtype sequences are shown in boldface type. The F/D mo
and intraclade subclusters (italics) are shown next to the nodes. MethThe pol region consists of intervening subtype D and F
ragments with some unclassified regions. Vif is unclas-sified and D in both strains, but although vpr and the first
exon of tat are also D in the strain VI961, they remain
unclassified in VI1310. Vpu and env are F in both strains
except for a small fragment of D in the gp41 region (tat
and rev second exons and the region coding for the
transmembrane part of gp41). Nef is derived from sub-
type F. In short, these F/D mosaics seem to consist of
close to equal proportions of subtypes F and D.
Comparative analysis of five distinct F/D mosaics in
gag–pol and env regions
The isolates BEVI1206 and BEVI1267 were analyzed
earlier by env sequencing and were classified as F
(Heyndrickx et al., 1998). BEVI1206 was obtained from a
Belgian woman who probably was infected in the DRC
and BEVI1267 was obtained from a Belgian woman who
acquired the virus from a seropositive partner from the
DRC. Later, these strains were analyzed in the gag–pol
region along with another strain, R890820, and all were
found to be structurally similar F/D mosaics (Op de Coul
et al., 1999). R890820 was isolated from a Dutch man
who had a female partner from the DRC. No epidemio-
logical link was evident between the three cases based
on available background information.
pecifying the clade is shown in front of the isolate name. The new
quences are shown in boldface italics. Bootstrap values for each clade
d: DNADIST Kimura two-parameter, 100 replicates.letter sSequences from these individuals were compared to
the newly obtained full-length F/D sequences, VI1310
es exc
98 LAUKKANEN ET AL.and VI961, in the corresponding genomic regions (env V3
and gag–pol). The clustering of all five sequences is
similar in all regions analyzed (Figs. 5A–5C). The break-
point in the gag–pol region where the sequence changes
from D to F was found to be located at the same site in
all five sequences (Fig. 5D; position 1980–2722 in
HXB2r). The fragment may contain two other possible
recombination sites, first at position 1340, which corre-
sponds to 2148 in HXB2r (from D to F), and again at
position 1420, which corresponds 2192 in HXB2r (from F
to D), but there is some minor variation in the exact
locations (see Fig. 5D). However, this region is too short
to allow for reliable interpretation. The results indicate
that all five strains are likely to represent members of the
same recombinant HIV-1 evolutionary lineage.
DISCUSSION
FIG. 2. Similarity plot (A) and bootscan (B) of the three new subtyp
sequences. Similarity plots and bootscanning were performed as des
employed for reasons of clarity. Positions indicate alignment coordinate
(solid black lines) and to consensus reference sequences of subtype
sequences was analyzed along an alignment of all reference sequenc
the bootscanning package for Linux.This article describes the first full-length F/D intersub-
type recombinant isolates and extends the known vari-ation of the F subtype subcluster F1 by providing three
new virtually full-length reference sequences originating
in Kenya, Brazil, and the DRC. The full-length sequences
of all these strains belong to the F1 subcluster in all
genomic regions and consistently cluster with the previ-
ously described full-length subcluster F1 reference strain
BR020. The phylogenetic structure of the F clade, and the
F1 subcluster in particular, is now on a more solid basis
than before. Recent work by Triques et al. (2000), which
demonstrated that subtype F does not form a homoge-
nous clade, but is divided in two distinct subclusters, is
further supported by the analysis presented here.
In addition, two full-length sequences with an inter-
subtype mosaic pattern consisting of intervening frag-
ments of subtypes F and D were described and their
pattern of recombination and relation to other previously
described recombinant viruses of subtypes F and D was
group F1 complete genomes compared to the consensus reference
under Materials and Methods, except that a window of 600 bp was
he BR020 reference was compared to the newly derived F1 sequences
(gray dotted lines). (B) The bootstrap value of the F1 cluster of four
luding F2 using neighbour-joining analysis. This was performed usinge F sub
cribed
s. (A) T
s A–Kanalyzed. In all the analyses, the virtually complete ge-
nome sequences of the two F/D recombinant strains
ertain. (
99F/D MOSAIC HIV-1resemble one another to a great extent. The genome
segment patterns and breakpoint locations are very sim-
ilar (Fig. 3). A common source of infection was first
considered based on the similar genetic structure of the
isolates, but there was no evidence for an epidemiolog-
ical link between the individuals. On the contrary, the
background information suggested that the infections
were independent. However, the original source of the
virus could be traced to the DRC in all cases. This brings
up the possibility that the viruses represent an evolution-
ary lineage that has been established from a point
source since the original recombination event occurred.
The likely location of this event would be Central Africa
and possibly even the DRC, where multiple subtypes
(including F and D) are known to circulate (Peeters et al.,
1998). The DRC has been reported to have a relatively
FIG. 3. Similarity plot and bootscan analyses of the new full-length
In similarity plots the subtypes are shown as dotted lines, in bootscan
the breakpoints in the genome are shown in the middle as in HXBr2. G
represent unclassified regions or regions whose classification was unc
VI961.high prevalence (5.3%) of subtype D compared to many
other African countries. The prevalence for subtype F isalso high (8.9%) in the DRC as well as in neighboring
countries such as Cameroon (14.4%) and Gabon (3.2%). It
can be predicted that in a country with several genetic
subtypes of HIV-1 circulating, the chance of a dual infec-
tion with two different subtypes is high and thus the
likelihood for generating intersubtype recombinant
strains is also high.
Another case of three independent, yet highly similar
F/D mosaic isolates found by others supports the exis-
tence of an F/D evolutionary lineage originating in Cen-
tral Africa (Op de Coul et al., 1999). In this study all of the
isolates also could be traced back to the DRC. In com-
parisons of the gag–pol and V3 sequences from these
strains and the newly described F/D mosaics all se-
quences were found to be highly related. In phylogenetic
analysis, some variation between the five F/D strains
saics. Black solid line depicts subtype D, gray line depicts subtype F.
s the outgroup (subtype C) is shown as a dotted line. The locations of
ions depict subtype F, white regions depict subtype D, striped regions
A and B) Analyses of the strain VI1310. (C and D) Analyses of the strainF/D mo
picture
ray regwas found, but it is of a magnitude similar to that seen
within the other CRF subclusters, in particular the AECM240
100
o
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f
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101F/D MOSAIC HIV-1and AGIbNG lineages (Fig. 1). The independent epidemio-
logical origins of the isolates and the high level of sim-
ilarity between them coupled with a monophyletic clus-
tering in phylogenetic trees would suggest that this F/D
mosaic is a representative of a fairly prevalent evolution-
ary lineage, which might in the future be classified as a
FIG. 4. Phylogenetic analyses of individual fragments (numbered acc
the genome. Recombinant sequences are shown in large font. The boo
the reference sequences were excluded from the first two analyses an
available. (A) 59 LTR U3. (B) gag (p17, p24, p7, p6). The fragment corr
represented here. (C) The beginning of pol p51. The bootstrap value for
f pol p51. (E) The end of p51 and the first half of the RNaseH region. (F)
excluding F2) is 84% (data not shown). (G) The end of vif region and the
or the D cluster is given without D-UG114. F/D isolate VI1310 was excl
FIG. 5. Phylogenetic analyses comparing the F/D mosaic isolates B
f 1980 bp from the gag–pol region (location in HXBr2: 859–2838). (B) A
f an env fragment of 260 bp (location in HXBr2: 7032–7301). Bootstrap
or the other subtypes are not shown, but were significant. (D) A sim
consensus query. Black line depicts subtype D, gray line depicts subty
Other subtypes are shown by dotted lines.nv. (J) Part of env gp41. (K) The end of env gp41, nef, 39 LTR. Genomic location
hort gap regions were excluded.new CRF. However, the formal requirement for assigning
a new CRF is the existence of at least three epidemio-
logically independent complete genome sequences that
share their recombinant structure and form a monophy-
letic cluster in all regions of the genome. Since we have
sequenced only two complete genomes, the formal clas-
to Fig. 3) of the F/D mosaic strains based on recombination points in
value supporting the clustering is indicated next to the node. Some of
the last analysis because no sequence data from those regions were
ing to pol p10 was too short to be analyzed reliably and thus is not
luster is 71% without D-UG114 (data not shown). (D) The middle region
of pol and the first half of vif. The bootstrap value for the F1 subcluster
lf of vpr. (H) The end of vpr and the first exons of tat and rev. The value
ecause its subtype cannot be determined in this region. (I) Vpu, 4/5 of
, BEVI1267, R890820, VI961, and VI1310. (A) An analysis of a fragment
ysis of the next 520 bp (location in HXBr2: 2839–3416). (C) An analysis
for the specific clades are shown next to the node. Bootstrap values
plot analysis of the gag–pol region using the five F/D mosaics as a
e breakpoint is located at around base 1980 (location 2838 in HXBr2).ording
tstrap
d from
espond
the D c
The end
first ha
uded bEVI1206
n anal
values
ilaritys represented as in HXB2r. Between some of the analyzed fragments,
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102 LAUKKANEN ET AL.sification of the FD CRF will have to await sequencing of
another similar virus isolate.
In summary the findings of this study extend the infor-
mation available for subtype F viruses, verify their divi-
sion into two distinct subgroups, F1 and F2, and provide
evidence for the possible existence of the first CRF that
does not contain subtype A-like sequences. The results
increase our understanding of HIV-1 molecular epidemi-
ology and variation and may have implications for the
design of future vaccines. If HIV subtypes must be con-
sidered in vaccine development, CRFs are in the same
position as the subtypes and therefore information on
their prevalence is as valuable as that of the subtypes.
MATERIALS AND METHODS
Viral isolates
Full-length clones were produced and completely se-
quenced from five short-term PBMC coculture isolates
(isolated according to UNAIDS Virus Isolation Guide-
lines) from Belgium (isolates VI1310, VI961, and VI850, all
linked to the DRC), Finland (F9363 linked to Kenya), and
Brazil (BZ126). The isolates had been previously classi-
fied as members of subtype F based on phylogenetic
analyses of short fragments or by heteroduplex mobility
assay (Delwart et al., 1993; Louwagie et al., 1994; Heyn-
drickx et al., 1998; Van de Peer et al., 1996; Liitsola et al.,
submitted for publication, b). The isolate VI1310 was
obtained from a Belgian woman, reportedly infected by a
man who frequently traveled to the DRC. The individual
infected with VI961 was the partner of a seropositive man
from the DRC. The isolate VI850 is from a Belgian man
infected by his wife, who acquired the infection in the
DRC. The isolate F9363 is from a Finnish man, who most
likely was infected by a Kenyan woman. Strain BZ126 is
from a Brazilian individual infected in Brazil. Total cellular
DNA was isolated from the cells of the PBMC HIV co-
culture at the peak of HIV antigen production using a
commercially available kit (Qiagen Blood and Cell Cul-
ture Kit, Qiagen GmbH, Hilden, Germany).
PCR and cloning of the amplified fragments
PCR amplification and cloning were performed essen-
tially as previously described (Salminen et al., 1995a).
Briefly, virtually full-length genomes were amplified using
the Expand Long Template PCR Kit (Boehringer Mann-
heim, Mannheim, Germany) using buffer 2 since it turned
out to give optimal amplification and cloning results.
Primers MSF12 59-AAATCTCTAGCAGTGGCGCCCGAA-
CAG-39 (location in HXB2r, 623–649, includes a unique
BbeI site) and MSR5 59-GCATGCGCCCTCAAG-
GCAAGCTTTATTGAGGCT-39 (location in HXB2r, 9606–
9638, includes a unique BglI site) were used. These
primers amplify a region of 9003 bp in HXB2r. In some
cases the first-round PCR was not successful, so an
e
tadditional seminested PCR was carried out with primers
MSF14, 59-TCTCTCGACGCAGGACTCGGCTTG-39 (loca-
tion in HXB2r, 682–705), and MSR5, which amplify a
fragment of 8945 bp. The first-round primers are comple-
mentary to the tRNA primer binding site, located at the 59
end of the genome just before the gag leader region, and
to the polyadenylation site at the 39 end, which is located
between the R and the U5 regions of the 39 LTR.
The thermocycle program for the first-round PCR was
94°C for 2 min, 94°C for 10 s, 60°C for 30 s, 68°C for 8
min, repeated for 9 additional cycles starting from step 2;
94°C for 10 s, 55°C for 30 s, 68°C for 8 min, repeated 19
times, 72°C for 30 min (end segment). Total cellular DNA
(50–250 ng) from HIV-infected cells in a volume of 1 ml TE
buffer (10 mM Tris, 1 mM EDTA, pH 8.0) was used as
template in a PCR of 50 ml (or in the case of the semin-
ested PCR, 1 ml of the first-round product), after which
the products of 10 successful repeat reactions were
pooled and the amplified DNA was gel-purified using the
QIAquick Gel Extraction Kit (Qiagen GmbH). All other
reaction components were assembled according to the
recommendations of the manufacturer. Purified DNA was
TA-cloned using the pCR 2.1 vector (Invitrogen, San Di-
ego, CA) following the manufacturer’s instructions, but it
was incubated at 15°C overnight in the ligation reaction.
Plasmids were heat-shock transformed into STBL-2 Max
Efficiency cells (Gibco BRL Life Technologies, Inchinnan,
Scotland). Clones were chosen for further studies based
on positive hybridization with radioactively labeled
probes and later by digestion with restriction enzymes.
Plasmid DNA was purified and prepared with the Qiagen
Plasmid Maxi Kit (Qiagen GmbH).
Full-length clones were sequenced completely by
primer walking using cycle-sequencing with dye-deoxy
terminators and an ABI 377 automatic sequencer (Per-
kin–Elmer Applied Biosystems Division, Foster City, CA).
Phylogenetic analyses
New full-length sequences were aligned with and
compared to existing full-length reference sequences.
These included the following sequences: subtype A,
(UG037, U455, SE7253, SE7535, Q23, SE8131, SE8891,
SE8538), CRF AECM240 (TH253, CM240, CR402), CRF
GIbNG (IbNG, DJ263, DJ264, SE7812); subtype B (CAM1,
F, OYI, D31, U23487, HXB2r, MN, JRCSF); subtype C
BR025, C2220); subtype D (ELI, NDK, Z2Z6, UG114);
ubtype F, subcluster F1 (BR020), subcluster F2 (MP255,
P257); subtype G (HH8793, G6165, NG083, NG003);
ubtype H (CF056, VI991, VI997); subtype J; and subtype
(EQTB11, MP535).
Phylogenetic analyses were performed and bootstrap
alues (100 replicates) calculated for each subtype
ranch using ClustalW applying the Kimura two-param-
ter model of evolution, or the SEQBOOT, DNADIST (with
he F84 maximum-likelihood model), and NEIGHBOR or
103F/D MOSAIC HIV-1FITCH programs of the Phylip software package (version
3.572c, Felsenstein, 1981, 1991). In order to determine the
approximate breakpoints in mosaic sequences,
bootscanning and similarity plot analyses were carried
out with SimPlot (version 2.5) in a sliding window of 400
(or 600) bases (Salminen et al., 1995b; Ray, 1998/1999).
Based on the inferred breakpoint locations, the se-
quence alignment was broken into corresponding frag-
ments that were phylogenetically analyzed individually.
Some regions for which the above methods did not
unambiguously provide classification were further ana-
lyzed using the program Splitstree (version 2.1.1.), which
in contrast to most phylogenetic software is able to show
alternative tree topologies simultaneously (Huson, 1998).
Sequence accession numbers
The full-length sequences of VI1310, VI961, VI850,
F9363, and BZ126 have been deposited with GenBank
under accession numbers AF193253, AF076998,
AF077336, AF075703, and L22083, respectively.
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